Otogenic intracranial infections usually require both neurosurgical and otolaryngological surgery. This prospective, non-randomized study investigated the value of combining both surgical procedures. Thirteen patients with otogenic intracranial abscess were treated by mastoidectomy and abscess removal through the same incision between 1993 and 2002. Another 12 patients underwent abscess removal or mastoidectomy followed by the other procedure within 7 days. The clinical features of the patients were compared. Four patients died in our series. All four patients had Glasgow Coma Scale (GCS) scores of 7 or less. The preoperative GCS score was the main factor in mortality. One patient had recurrence after the combined approach compared to nine patients with recurrence after separate procedures. The surgical procedure was the main factor affecting the recurrence rate. The combined approach and total capsule excision of the abscess may reduce the risk of recurrence of otogenic intracranial abscess.
Introduction
The prevalence of intracranial complications associated with middle ear infection has declined in recent years with advances in antibiotic treatment. However, otogenic brain abscess is still a lifethreatening disease with the highest mortality among otogenic intracranial infections. 3, 5, 7) Treatment of otogenic brain abscess usually consists of medical intervention, neurological surgery (evacuation or excision of the abscess), and mastoidectomy. Medical intervention is generally agreed to combine antibiotics and steroids, but the surgical intervention remains controversial, especially the arrangement of the surgical procedures. Mastoidectomy can be performed 2 weeks after the evacuation of the abscess, but simultaneous procedures may be better. The present study evaluated the outcomes of patients treated by different surgical arrangements.
Materials and Methods
Ninety-six patients were treated for intracranial infection from 1993 to 2002 in the Department of Neurosurgery of Izmir Ataturk Research and Training Hospital. Thirty-two cases were of otogenic origin, including 25 patients with brain abscess, four with subdural empyema, and three with epidural empyema. Good response to medical and surgical treatment was obtained in the patients with subdural empyema and epidural empyema, and no recurrence or death occurred.
The study consisted of the 25 patients with otogenic brain abscess, 19 males and six females aged 8 to 63 years (mean 30 years) ( Table 1 ). The study was planned prospectively. Patients admitted to the neurosurgical unit were accepted as emergency cases, and surgery was performed at the Neurosurgery or Otolaryngology-Head and Neck Surgery Department as soon as the diagnosis was established.
Thirteen patients underwent mastoidectomy and abscess removal or drainage at the same session. A modified postauricular incision was used to limit invasion to a single incision (Fig. 1) . Twelve patients underwent either mastoidectomy or abscess removal followed by the other procedure within 7 days.
Purulent material was cultured in all cases, and the antibiotic treatment was based on the antibiogram if the pus cultures yielded any organism (8 cases). Empiric antibiotic treatment (penicillin G plus chloramphenicol plus a 3rd generation Combined Approach cephalosporin) was started in the patients with negative cultures (17 cases). Intravenous antibiotic treatment was continued between separate procedures and lasted for 6 weeks except in four patients who died. All patients were followed up by computed tomography (CT). Various clinical factors affecting the recurrence and mortality were investigated. One patient (Case 2) who died in the early period after surgery was not considered in the count of recurrences. The chi-square (Fischer exact) test was used to calculate the differences between groups.
Results
Fourteen of the 25 otogenic brain abscesses were located in the temporal lobe, and 11 in the cerebellum. The diagnosis was chronic otitis media in 14 cases, and chronic otitis media with cholesteatoma in 11 cases.
The patients were divided according to level of consciousness before surgery into four patients with Glasgow Coma Scale (GCS) scores of 7 or less, five patients with GCS scores of 8-12, and 16 patients with GCS scores of 13 or more. Seven patients underwent total excision of the abscess, nine received partial capsule excision, and nine had only aspiration of the abscess. Radical mastoidectomy was performed in all patients. No complication occurred related to the incision in the combined approach.
Follow up ranged from 0 to 96 months (mean 21 months). Four patients died in the follow-up period. All four patients had GCS scores of 7 or less. Recurrence was found in 10 patients, one of the 13 patients who underwent the combined approach and nine of the 12 patients who underwent separate procedures (p ＝ 0.001). Recurrence was found in nine of the 18 patients who underwent aspiration or partial capsule excision of the abscess, but in only one of the seven patients who underwent total capsule excision of the abscess (p ＝ 0.102). In addition, recurrence was found in five of the 11 patients with chronic otitis media and cholesteatoma compared to five of the 14 patients with chronic otitis media, which was noticeable but not statistically significant.
Discussion
The occurrence of otogenic brain abscess peaks in the first two decades, 3, 5, 7) although the mean age was 30 years in our series. Males are predominantly affected. 2, 3, [5] [6] [7] [8] Our study included 19 males and six females. In our series, the most common diagnosis was chronic otitis media. The temporal lobe and cerebellum are the two main locations for otogenic brain abscess. Cerebellar abscess was four times more common than temporal lobe abscess. 4) Another series consisted of 17 cerebellar, 23 temporal lobe, and one cerebellar and temporal lobe abscesses. 6) In our series, 11 cases were located in the cerebellum, and 14 cases in the temporal lobe. Cholesteatoma is present in 38% to 100% of cases. 1, 4, 5) In our study, 11 patients had cholesteatoma. We also found recurrence was apparently more frequent in the patients with cholesteatoma. Cerebellar abscess secondary to middle ear cholesteatoma recurred 8 years after initial medical treatment in one case. 1) Therefore, very long-term follow up is required in the patients with cholesteatoma.
Successful treatment of otogenic brain abscess depends on early diagnosis and the combination of medical and surgical treatment. The mortality in patients with otogenic brain abscess has declined quickly in the last 20 years with the advances in antibiotic treatment and the enlarging use of CT from 45% before 1976 to 10% from 1976 to 1999. 6) No preoperative or postoperative deaths occurred in one series but the levels of consciousness were not clarified in the preoperative period. 2) Four patients died in our series. All had preoperative GCS scores of 7 or less, which seemed to be the most important factor affecting postoperative mortality rather than the approach.
Comparison of patients operated on in the same session with patients operated on in two separate sessions concluded that there is no apparent difference between the outcomes. 5) Some authors suggest performing the neurosurgical operation first and the ear operation later. 4, 8) Many other authors proposed to perform these two operations at the same session. 2, 3, 6) The outcomes in our study suggest concurrent drainage (or excision) of the abscess and mastoidectomy is best. In addition, the recurrence rate was lower with total capsule excision.
The abscess can be aspirated through the mastoidectomy cavity. 6) This shortens the total operation time with evacuation of the abscess, but does not allow total capsule excision. Mastoidectomy can be performed following excision (or aspiration) of the abscess through a craniotomy. 2, 3) This approach allows total excision of the abscess, but may extend the operation time. We treated 13 patients in the same procedure, using a single incision that combines the useful aspects of these two approaches. Application of this single incision allowed total excision of the abscess and minimized the total operation time.
The present study suggests that the preoperative GCS scores are the main factor in mortality, which emphasizes the risk of delayed diagnosis. The surgical procedure was the main factor affecting recurrence rates. Our combined approach with a single incision allows total excision of the brain abscess and minimizes total surgical time. The present series was small, and included patients who underwent the separate procedures in different Combined Approach orders. Our findings that the combined approach and total capsule excision reduces the recurrence rates must be confirmed by data from larger randomized controlled clinical trials.
In the treatment of brain abscess, it is crucially important to treat the patient urgently and to radically remove the pus and cholesteatoma from the brain and from the mastoid and middle ear. After determining the antibiotic sensitivity of the causative organisms, appropriate antibiotics are used. Having both otolaryngologists and a neurosurgeon working together as a team and using a single incision for the surgery in one stage operation appears to be a possible treatment option. Combination of two procedures saves time, is less strenuous for the patient, and avoids additional anesthesia. The possible major disadvantage of a single incision is that it provides an additional subcutaneous connection of the highly infective field of mastoidectomy with the brain. On occasions, the mastoidectomy may even communicate with the external ear canal and with the Eustachian tube. Additionally, in the postoperative phase, CSF from the dural incision holes can seep into the mastoidectomy site and can form a fistula, treatment of which may be a formidable surgical problem.
Although radical resection of the infected material is the key to a successful outcome, complete resection of the capsule of the cerebellar or the temporal lobe abscess is not always easy or safe. Such a procedure can lead to unacceptable neurological deficits in some cases. I recommend that the capsule of the abscess should be removed completely only when the resection is extremely safe.
Atul Various surgical strategies have been reported to reduce the risk of mortality in otogenic brain abscess, that is, craniotomy first, mastoidectomy first, or craniotomy and mastoidectomy at the same session. By performing craniotomy and mastoidectomy concurrently, it is possible to reduce the risk of mortality and the hospital stay. However, as far as the recurrence rate is concerned, the authors' conclusion is not justified based on their results. Long-term follow up to define the optimal surgical treatment, particularly in cases secondary to middle ear cholesteatoma, is necessary for the standardization of this therapeutic modality.
The authors' follow up is a little bit short, so I hope that they will continue to follow up these patients carefully and publish their results in the future. These criticisms notwithstanding, this paper provides some useful information about this difficult disease.
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The authors reported 25 patients with otogenic intracranial abscess treated in Turkey. Thirteen patients were treated by mastoidectomy and abscess removal through the same incision, another 12 patients were underwent two separate operations. The mortality of the group was 16% and after operation the abscess recurrence rate was 40%. The authors believe that the combined two approaches and total removal of the abscess and capsule may reduce the risk of recurrence of otogenic intracranial abscess. The incidence of otogenic intracranial abscess has declined due to advances in antibiotic treatment in the recent medical literatures. The mortality of intracranial abscess is much reduced from 21% to 6% after surgical treatment and the recurrence of intracranial abscess is 4.2%, but in the present group the mortality is higher, and the recurrence of abscess is much higher. I believe that total removal of the abscess and capsule is the best choice to reduce the risk of abscess recurrence. Aspiration of the intracranial abscess must be several times under imaging supervision, not only one time. In this group, 40% of abscess recurrence may be due to partial removal of the abscess capsule. Because in this group nine patients had partial removal of the abscess capsule, there were 7 patients with abscess recurrence.
